In these proceedings I present a personal perspective of the challenges for new physics (NP) searches in the flavour sector. Since the CKM mechanism of flavour violation has been established to a very high precision, we know that physics beyond the Standard Model can only contribute sub-dominantly. Therefore, any realistic model of physics beyond the Standard Model (SM) must respect the stringent constrains from flavour observables like b → sγ, B s → µ + µ − , ∆F = 2 processes etc., in a first step. In a second step, it is interesting to ask the question if some deviations from the SM predictions (like the anomalous magnetic moment of the muon or recently observed discrepancies in tauonic B decays or B → K * µ + µ − ) can be explained by a model of NP without violating bounds from other observables.
Introduction
The CKM mechanism of flavour violation has been established by the B factories BELLE and BABAR and received further confirmation by the LHCb experiment. Global fits to the CKM matrix [1, 2] show that there is in general a very good agreement between the different observables and that new physics (NP) contributions can only be of the order of 10% (see Fig. 1 ): The global CKM fit includes the treelevel determinations of the CKM elements V us , V cb and V ub as well as information from K − K, B s − B s and B d − B d mixing. In addition, also the measurements of processes not included in the CKM fit like B s,d → µ + µ − and b → s, dγ agree very well with the Standard Model (SM) predictions. 
CKM f i t t e r
Figure 1: Global fit to the CKM matrix performed by the CKMfitter collaboration [3] shown in the ρ-η plane defined as ρ
. One can see that the allowed regions from the different observables overlap in a small region, leaving limited space for NP contributions. For a similar analysis of the UTfit collaboration see [4] .
Therefore, the challenges for NP in the flavour sector are the following: In a first step, any model of NP must respect the stringent constraints from flavour observables. In a second step one can examine if the model under consideration can explain deviations from the SM without violating bounds from other observables. It is interesting to note that in general it is rather difficult to construct a model which satisfies the stringent constraints from FCNC processes while still being capable of explaining some deviations. While step one can be fulfilled by assuming some symmetry or alignment with the SM, suppressing flavour effects, step 2 often requires a rather generic flavour structure leading in many cases to tensions.
Among the many flavour observables which are in very good agreement with the SM predictions we will consider:
• ∆F = 2 processes: B s − B s , B d − B d , K − K and D − D mixing.
• Radiative B meson decays: b → sγ and b → dγ.
• Neutral meson decays to muon pairs:
• Lepton flavour violating observables: ℓ i → ℓ f γ, µ → e conversion and ℓ i → ℓ f ℓ j ℓ j .
The stringent bounds from these observables must be respected by any reasonable NP model. Many possibilities how to ensure that NP models satisfy these bounds have been proposed, among them minimal flavour violation is probably the one most often used in the literature [5] .
On the other hand, there are some observables in which some tensions with the SM have been observed, among them:
• Tauonic B decays: B → τ ν, B → Dτ ν and B → D * τ ν.
•
Here we want to address the question which model of NP is capable to explain theses deviations from the SM. There are also tensions among the different determinations of V ub and V cb from different inclusive and exclusive processes (see for example [6, 7] for a review). However, it is essentially ruled out that the current data for V cb can be explained by NP contributions and also in the case of V ub * it is rather likely that the differences are due to underestimated errors in the theory predictions [8] . Therefore, we do not consider these discrepancies in the following.
The 2HDM and the MSSM in the decoupling limit
In the next section we will discuss several decays putting stringent constraints on physics beyond the SM and Sec. 3 discusses some observables in which deviations for the SM predictions have been observed. We will illustrate the impact of these observables on some selected on NP models. As a specific example we consider a 2HDM [11] (for a review see for example [12] ) with generic Yukawa structure (which is the decoupling limit of the MSSM). Here we introduce a second Higgs doublet and obtain four additional physical Higgs particles (in the case of a CP conserving Higgs potential): the neutral CP-even Higgs H 0 , a neutral CP-odd Higgs A 0 and the two charged Higgses H ± . In addition, if we allow for a generic flavour structure we have the non-holomorphic couplings which couple up (down) quarks to the down (up) type Higgs doublet. Following the notation of Ref. [13] 
Here ǫ q ij parametrizes completely flavour-chaining neutral currents. In the MSSM at tree-level ǫ q ij = 0 (which corresponds to the 2HDM of type II) and flavour changing neutral Higgs couplings are absent. However, these couplings are generated at the loop level [14] . The resulting expressions are non-decoupling and depend only on the ratios of SUSY parameters (for a complete one-loop analysis see [15] and for the 2-loop SQCD corrections see [16] † ). Since the dependence is only on the ratio of SUSY masses, these effects are non-decoupling and even allow for the possibility that the light fermion masses arise entirely from ǫ f ij [18] .
Selected flavour-processes and their constraints on new physics
In this section we review some selected flavour observables and highlight their impact on models of NP, i.e. how they constrain physics beyond the SM.
∆F = 2 processes
∆F = 2 processes are still one of the most constraining processes for NP (see for example [19] for a model-independent analysis and [20] for an overview on B q − B q and K − K mixing) since they scale like δ 2 /Λ 2 while the other flavour observables scale like δ/Λ 2 . Here δ stands for a generic flavour violating parameter and Λ is the scale of NP. Especially the constraints from K − K and D − D mixing are very stringent and Kaon mixing puts extremely stringent constrainrs on CP violating NP.
The current situation concerning the experimental and theoretical values is the following: For K −K mixing the SM prediction was calculated at NLO in Ref. [21, 22] and (for the relevant charm contributions) at NNLO in Ref. [23] .
Here ∆M
SD SM K
only contains the calculable short distance SM contribution. This has to be compared to the experimental value [6] 
Concerning the SM predictions for B s −B s and B d −B d mixing (calculated in Ref. [21] ) the latest numerical update [24] gives
This is in very good agreement with the experimental values from LHCb [25] and CDF [26] as well with the HFAG average for B d − B d mixing. In general, one can parametrize the NP contribution to B q − B q mixing as
where the first notation is used by the UTfit collaboration and the second one by CKMfitter. The experimental information for CP violating quantities and the mass differences are correlated and one obtains the allowed regions in the plane shown in Fig. 2 . For D − D mixing the SM calculation for the mass difference is not reliable but it is sensible to assume that NP does not generate more that the total observed value. In addition the CP-violating phase in the SM is very small [27] resulting in stringent bounds on NP derived from recent experimental data [28] .
Therefore, ∆F = 2 processes put stringent constraints on physics beyond the SM. Especially combining D − D and K − K mixing is very powerful due to SU(2) L relations for NP [29] . As an example of how ∆F = 2 processes constrain models of [4] . For a similar analysis of the CKMfitter collaboration see [3] . The SM point (red cross) corresponds to C Bq = 1 and φ Bq = 0. 
B
Thanks to LHCb and CMS [33] we know the branching ratio for B q → µ + µ − now rather precisely and also the SM prediction has been improved recently [34]:
Br
Due to the good agreement with the SM we can place stringent bounds on models of NP, especially if the NP model possesses scalar currents [35] .
As an example we consider again the 2HDM of type III. In the middle plot of Fig. 3 we show the constraints on the parameter ǫ from B → X s γ, obtained by adding the 2 σ experimental error and theoretical uncertainty linear for tan β = 50 and m H = 700 GeV (yellow), m H = 500 GeV (red) and m H = 300 GeV (blue). The middle and the right plot are taken from Ref. [13] .
are still weaker compared to the SM prediction but LHCb will further improve the experimental limit in the future. Also here stringent limits on ǫ d 13,31 can be obtained. Concerning K L → µ + µ − the SM predictions is limited by hadronic uncertainties related to photon rescattering which complicates the extraction on bounds on NP [36] . For D → µ + µ − the SM predictions is not reliable but it is again sensible to assume that not more than the entire decay rate is generated by NP. Therefore, we can derive in an analogous way stringent constraints on ǫ 
b → qγ
Concerning the radiative B decays b → sγ and b → dγ the current experimental values [37] and theoretical predictions are given by:
Again, we observe a good agreement between theory predictions ‡ and experiment. b → sγ has been used extensively to constrain models of NP, especially the MSSM and the 2HDM of type II [42] . In fact, b → sγ still gives the best lower bound of 380 GeV [43] on the charged Higgs mass in the 2HDM of type II for low or moderate values of tan β (see Fig. 6 ).
b → sγ can for example also be used to put bounds on ǫ 
Lepton flavour violation
Flavor-changing neutral current processes are strongly suppressed in the Standard Model (SM) and therefore sensitive even to small new physics (NP) contributions. Lepton flavor violation (LFV) is an especially promising probe of NP since in the SM with massive neutrinos all flavor-violating effects in the charged lepton sector are proportional to tiny neutrino masses.
§ For instance, the decay rates of heavy charged leptons into lighter ones are suppressed at least by m −50 , which are thus by far too small to be measurable in any foreseeable experiment. Therefore, any evidence of charged LFV would be a clear signal of physics beyond the SM. Table 1 shows the current experimental status of search for LFV decays. LFV processes have been studied in great detail in many extensions of the SM. For example, in the MSSM non-vanishing rates for LFV processes are generated by flavor non-diagonal SUSY-breaking terms [51] . Extending the MSSM with right-handed neutrinos by the seesaw mechanism gives rise to LFV [52] , as well as allowing for ‡ The SM prediction for b → dγ is taken from [38] (based on the calculation of Ref. [39] ) while the value for b → sγ is taken from Ref. [40] . For the experimental value of b → sγ we used the average of [41] .
§ For a review we refer to [44] . R-parity violation [53] . The Littlest Higgs Model with T -parity [54] , 2HDMs with generic flavor structures [55] , and models with an extended fermion sector [56] have sources of LFV as well. In order to make NP scenarios consistent with the nonobservation of LFV processes in nature, the assumption of Minimal Flavor Violation has been extended to the lepton sector, see e.g. [57] . LFV decays have been studied in a model-independent way in [58] . Let us consider µ → e conversion in some more detail since it has very promising experimental prospect [59] and is especially suited to test Higgs mediated flavour violation since it does not necessarily involve couplings to light leptons as µ → eγ [60] . In Fig. 4 we show the constraints on ǫ ℓ 12 in the 2HDM from µ → e conversion.
3 Deviations from the SM
Tauonic B decays
Tauonic B-meson decays are an excellent probe of new physics: they test lepton flavor universality satisfied in the SM and are sensitive to new particles which couple proportionally to the mass of the involved particles (e.g. Higgs bosons) due to the heavy τ lepton involved. Recently, the BABAR collaboration performed an analysis of the semileptonic B decays B → Dτ ν and B → D * τ ν using the full available data set [62] . They find for the ratios [60] . The blue, red, and yellow regions correspond to tan β = 50, 40, 30, respectively (the regions are superimposed with more stringent limits for larger tan β). Note the simple quadratic scaling of the constraints on the heavy Higgs mass. For the numerical evaluation we used the improved predictions of the nucleon-quark couplings of Ref. [61] .
the following results:
Here the first error is statistical and the second one is systematic. Comparing these measurements to the SM predictions [63] (using the form factors of Refs [64, 41, 6] )
we see that there is a discrepancy of 2.2 σ for R(D) and 2.7 σ for R(D * ) and combining them gives a 3.4 σ deviation from the SM [62] . This evidence for new physics in Bmeson decays to taus is further supported by the measurement of B[B → τ ν] = (1.15 ± 0.23) × 10 −4 which disagrees with by 1.6 σ higher than the SM prediction using V ub from a global fit of the CKM matrix [1] .
The generic effect of NP including differential distributions has been studied in [65] . Many NP explanations of this anomaly have been proposed [66] . A natural possibility to explain these enhancements compared to the SM prediction is a charged scalar particle which couples proportionally to the masses of the fermions involved 
) without any suppression by small CKM elements. Furthermore, since flavorchanging t → u (or t → c) transitions are not constrained with sufficient accuracy, we can only constrain these elements from charged Higgs-induced FCNCs in the down sector. However, since in this case an up (charm) quark always propagates inside the loop, the contribution is suppressed by the small Yukawa couplings of the up-downHiggs (charm-strange-Higgs) vertex involved in the corresponding diagrams. Thus, the constraints from FCNC processes are weak, and ǫ u 32,31 can be sizable. Indeed, it turns out that by using ǫ u 32,31 we can explain R(D * ) and R(D) simultaneously [71] . In Fig. 5 we see the allowed region in the complex ǫ u 32 -plane, which gives the correct values for R(D) and R(D * ) within the 1 σ uncertainties for tan β = 50 and M H = 500 GeV. Similarly, B → τ ν can be explained by using ǫ u 31 .
B → K
The decays B → K * ℓ + ℓ − and B → Kℓ + ℓ − (with ℓ = e, µ) have been studied extensively in the SM (including also non-standard operator structures) [72] .
While the forward-backward asymmetry in B → K * µ + µ − agrees with the SM predictions [73] , deviations from the SM predictions have been observed by LHCb in angular observables [74] , mainly in the observable called P ′ 5 . While it is still possible that this anomaly could originate from hadronic uncertainties or power corrections [75] , it is still interesting to examine if and how NP can explain this anomaly. In an model independent approach, the deviations from the SM can be explained by rather large contributions to the Wilson coefficient C 9 [76, 78] . Concerning concrete models of NP properbly the most natural expectation is a flavour changing Z or Z ′ coupling [79] while explaining the central value of the anomaly in the MSSM is not possible without violating bounds from other observables [78, 80] which is also true for models with extra dimensions [81] .
Very recently, LHCb measured the ratio 
A possible explanations would be NP contributing to B → Kµ + µ − but not to B → Ke + e − involving C 9 with muons only [83] which also give welcome NP effects in
Conclusions
In these proceedings I presented a personal perspective of the challenges for NP physics in the flavour sector. We reviewed the stringent constraints on physics beyond the SM imposed by flavour observables with must be respected by any viable model of NP. As an example, the combined flavour constraints on the 2HDM of type II are shown in Fig. 6 . In case deviations from the SM are observed, it is interesting to examine which model of NP is capable of explaining such deviations without violating bounds from other observables. As examples we considered tauonic B decays, B → K * ℓ + ℓ − and R K . While a rather natural explanation for B → (D ( * ) τ ν) is a charged Higgs contribution in a 2HDM with flavour-changing couplings involving the top quark, B → K * ℓ + ℓ − and R K can most naturally be explained by a Z ′ boson. Figure 6 : Updated constraints on the 2HDM of type II parameter space [13] . The regions compatible with experiment are shown (the regions are superimposed on each other):
2HDM II
Note that no region in parameter space is compatible with all processes. Explaining B → D * τ ν would require very small Higgs masses and large values of tan β which is not compatible with the other observables. To obtain this plot, we added the theoretical uncertainty linearly on top of the 2 σ experimental error.
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